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INTRODUCTION

Mercury has been released to the environment by a variety of military
activities. Mercury fulminates are the primers of choice when optimal
sensitivity and brisance are required. Prior to World War II fulminates of
mercury were used as primer material in the majority of American-made ordnance
(1). In addition, releases have been associated with use of the mercury cell
process in manufacturing chlorine and with mercury used as a catalyst in the
manufacture of vinyl chlorides such as lewisite. Mercury contamination is
also generated by the burning of coal at military installations. Mercury is
not removed from coal by modern washing rathods. During the combustion of
coal, mercury is converted to an uncharged metallic vapor which cannot be
removed from exhaust gases by electrostatic precipitation.

The principal forms of mercury found in oxygenated (surface) waters are ion
pairs and complexes with mercury in the +2 oxidation state (2). The reduction
of mercury +2 to the metallic form has a higher standard potential (+0.789)
than the majority of metals encountered in aqueous environments (3). This
property results in significant acidity of the water molecules compiexes to
mercury I ions (3). Loss of protons from water complexed with electron
withdrawing cations generates a mixture of compgunds (3). In pure water, at
very low pH, little dissociation occurs and Hg*® predominates. At
successively higher values of pH, increased amounts of HgOH* and Hg(OH), are
observed (4). In brackish water some hydroxy!l groups are replaced by chloride
and in sea water Hg(Cl),, Hg(C1)3™ and Hg(C1), ¢ and sulfur containing species
predominate (5).

Mercury in the +2 oxidation state can be methylated both by microorganisms
and abiotically to form monomethyimercury cation, CH3Hg+, and dimethylmercury
(CH3)oHg (6). The latter form is usually generated only at pH values greater
than ; (3). Essentially all (>99%) of the mercury in edible fish tissue is
. methylmercury (7). Aqueous environmental monomethylmercury exists primarily
as methylmercuric chloride and methylmercuric hydroxide. The carbon-mercury
bond is stable in methylmercury compounds, whereas anions associated with the
metal exchange easily; thus, the relative proportions of these compounds vary
in response to changes in pH and salinity in a manner analogous to that
described above for mercury +2 ions (5).

Determination of the coefficient of partition of a compound between
1-octanol and water (Kow) is important to environmental research. Such values
can be used in predictive models to estimate solubility, transport and
bioconcentration of compounds in the environment (8). Because of its lower
polarity, methylmercuric chloride would be predicted to have a higher K,, (9)
than the hydroxide, and also a greater rate of uptake by aquatic organisms
(10).

Log K, values of 0.62 for mercury metal (11), and 2.26 for
dimethyimercury (12) have been reported. In addition, a value for log Ko of
0.6 has been found for the partition coefficient of methylmercuric chlor1ge in
the diethyl ether/water system (13). However, a search of the literature has
failed to find K, values for either methylmercuric chloride or methyimercuric
hydroxide.




Because of the importance of methylmercury as a pollutant and because of
the pronounced effect of pH and salinity, it was concluded that an
experimentally determined Kow Was required and that an understanding of the
effects produced by changes in pH and chloride content was part of this. In
this paper we present Kow Values for methylmercury (I1) starting as the
chloride and as the hydroxide. Values were determined at pH 7 in ultrapure
water and at thirteen different salinities. They were also determined at
fixed salinity at nine different pH values.

MATERIALS AND METHODS

1-Octanol was obtained from the Aldrich Chemical Company (guaranteed purity
99%) and fractionally redistilled. Ultrapure water was purchased from New
England Reagent Laboratory; methylmercuric chloride and methylmercuric
hydroxide were purchased from the Alfa Chemical Division of Morton Thiokol
Corporation. Aqueous solutions of these two methylmercuries were prepared at
1000 ppm. Solutions of each of the two were checked for purity by HPLC with
refractive index detection and diluted to 10 ppm with ultrapure water or with
sodium chloride solutions of known concentration. The ultrapure water and the
saline solutions that were used for all testing except the highest pH
experiment were prepared with the appropriate buffer at a concentration of
0.01 M. The buffers used were: phosphate at pH 2, oxalate at pH 3, succinate
at pH 4, acetate at pH 5, succinate at pH 6, phosphate at pH 7 and 8, and
?orate ag)pH 9 and 10. A1l partitions were carried out at ambient temperature

20-25 CY).

The ultrapure water and saline solutions for the high pH experiment were
adjusted to pH 12 with NaOH and used without buffering. The effect of ionic
strength on K,, was tested by hoiding the salinity at 0.05 M and increasing
the ionic strength with additions of NaC104. Perchlorate concentrations were
0.01 M, 0.05 M, 0.1 M and 0.6 M.

The concentration of mercury in octanol could not be assayed directly. To
overcome this problem, the following procedure was used: Three aliquots of
each aqueous test solution were removed for analysis and three additional
aliquots were extracted with equal volumes of octanol by shaking for 20 min.
The mixtures were allowed to separate for 10 h, the octanol removed, and the
aqueous portions analyzed. The concentration of methyimercury in an octanol
extract was calculated as the difference in concentration between the original
and octanoi-extracted aqueous samples.

To ensure that the mercuric compounds were partitioning as expected, and
that adsorption or other phenomena were not producing erroneous results, the
octanol fractions from these experiments were pooled and back-extracted with
four successive additions of pure water.

Analyses of aqueous fractions and back-extracts were performed on a Beckman
SpectraSpan V sequential plasma emission spectrometer. Calibration
standards were prepared from stock solutions of mercuric chloride (Fischer
Scientific) in water. The samples and standards were adjusted to 5000 ppm
lithium to obscure sodium or other metal emissions. The emissions of the
samples at 253.652 nm were recorded and mercury concentrations calculated by
interpolation.
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RESULTS

The values of K, for methylmercuric species as a function of chloride
concentration are gﬁown in Fig.1. Pairwise comparisons between the K,, means,
when either methylmercuric chloride or methylmercuric hydroxide were used as
the source of methylmercury, show no statistically significant differences
(p> 0.10) according to the Student’s T-test. The mean K,, was 0.07+.05 in
ultrapure water and increased to 1.7+.2 at chloride 1eve?s above 0.075 M.
Subsequent experiments with methylmercuric hydroxide, in the salinity range
up to 0.037 M NaCl, reveal a zone of nearly linear increase in K with
salinity between 0.0000 M and 0.0047 M NaCl. At higher levels, increases in
salinity produced smaller changes in K, (Fig 2).

Increase in pH of the system from pH 2 to pH 6 had little effect on K,
but further increases caused a sharp decrease in K,, (Fig 3). Samples at pH
12 containing 0.001 M and 0.01 M NaCl had K,,s sta¥istica11y
indistinguishable from those between pure water and octanol.

An additional experiment was designed to assess the effect of changes in
ionic strength. Raising the ionic strength of a 0.0047 M chloride solution
with potassium perchlorate at pH 7 in the ionic strength range of 0.01 M to
0.6 M did not affect the partitioning behavior.

Back-extractions of octanol pooled from these experiments confirmed that
the octanol contained a quantity of mercury consistent with that lost from the
water and salt solutions through partitioning.

DISCUSSION

The salinities chosen in this study approximate the range of chloride
concentrations encountered in natural ecosystems. Altman and Dittmer (14)
report a chloride level of 8 ppm (0.0002M) as a mean for North American river
water, and sea water is approximately 19,000 ppm (0.54M) in chloride (15).
Aquatic environments in the pH range of 6 to 8 are generally optimal for fish
(16) and this is also the range in which methyimercury exhibits its greatest
change in K-

Observed increases in K, with increasing chloride concentration and
decreasing pH are consistent with displacement of hydroxide by chloride on the
methylmercuric cation. Similarly, the near zero K,, of methylmercury “n pure
water and in saline solutions at high pH is attribuYed to a high proportion of
methylmercuric hydroxide. From the behavior of the Kow/salinity curve, we
believe that the K., of methylmercury hydroxide is very nearly equal to the
Kow We observed wign either species in ultrapure water and in test solutions
ag pH 12 (0.07+.05). Conversely, the Kow Of methylmercuric chloride (1.7+0.2)
is equal to the K,, of the methylmercury equilibrium mixture at high salinity.

The constancy of K., values for methylmercuric chloride in the ionic
strength range 0.004?“&0 0.6 at pH 7 may be attributed to the compound’s high
water solubility and small size.




The difference between the Kow values for methylimercuric ion in pure water
and in strong chloride solutions was +1.6+0.2. A difference of this magnitude
should have some effect on bioconcentration. Bioconcentration factors of 0.03
and 0.84 were calculated for methylmercuric hydroxide and chloride in fish by
means of the Arthur D. Little "CHEMEST" program (10). This program is useful
in estimating environmental behavior of compounds from their physical/chemical
properties. Thus, the absorption of methylimercury compounds by aquatic
organisms should be enhanced by increased salinity and by decreased pH.
However, current methods for estimation of bioconcentration were established
with organic compounds that accumulate primarily in fat whereas mercury can
also bind to sulfur. This property may provide additional sites of
accumulation of mercury on sulfhydryls in protein and be a cause for
inaccuracy in the estimation of bioconcentration factors.




—
.

10.

11.

12.

13.

14.

15.
16.

REFERENCES

Department of the Army Technical Manual. 1984. Mijlitary Explosives. No.
T™M 9-1300-214.

Stumm, W. 1987. Aquatic surface chemistry; chemical processes at the
particle-water interface. New York, NY: John Wiley & Sons.

Manahan, S.E. 1990. Environmental Chemistry. 4th ed. Chelsea, MI:
Lewis Publishers, Inc.

Hem, J.D. 1970. Chemical behavior of mercury in aqueous media. Mercury
in the environment. Professional Paper 713. Washington, DC: U.S.
Geological Survey.

Stumm, W., and J.J. Morgan. 1981. Aquatic Chemistry, 2d ed. New York,
NY: John Wiley & Sons.

Mitchell, B.E., and B. Richards. 1986. Levels of chemical versus
biological methylation of mercury in sediments. Bull. Environ. Contam.
Toxicol. 36:401-404. :

Westoo, G. 1973. Methylmercury as a percentage of total mercury in flesh
and viscera of salmon and sea trout of various ages. Science.
181:567-568.

Lyman, W.J., W.F. Reehl, and D.H. Rosenblatt. 1982. Handbook of chemical
property estimation methods: Environmental behavior of organic compounds.
New York, NY: McGraw-Hill Book Co.

Hansch, C., and A.J. Leo. 1979. Substituent constants for correlation
analysis in chemistry and biology. New York, NY: John Wiley & Sons.

The "CHEMEST" computer program 1985 for estimation of the physical and
environmental properties of organic compounds in a broad variety of
chemical classes. Cambridge, MA: Arthur D. Little, Inc.

Shoichi, 0., and S. Sokichi. 1985. The l-octanol/water partition
coefficient of mercury. Bull. Chem. Soc. Jpn. 58:3401-3402.

Wasik, S.P. 1978. Partition of organcelements in octanol/water/air
systems. Organometals and Organometailoids, Symposium Series Vol. 82. pp
314-326. Washingtor, DC: American Chemical Society.

Corner, E.S., and B. Sparrow. 1957. Bioconcentration of mercury and
methylmercury in marine fish. J. Mar. Biol. Assoc., U.K. 36:459-469.

Altman, P.L., and D.S. Dittmer. 1966. Environmental Biology. Bethesda,
MD: Federation of American Societies for Experimental Biology.

CRC Handbook of Chemistry and Physics, 1985. CRC Press, Boca Raton, FL.

Conneil, D.W., and G.J. Miller. 1984. Chemistry and ecotoxicology of
pollution. New York, NY: John Wiley & Sons.




\I

-wdd @1 1e sea saiodads atanoiaswikyiau 3yl “TOEN
WO9°0 PUB WOE'0 ‘WSI'0 ‘WGL0'O Ul Pue Id93EM a1nd uy 9pTioTyY> DFAndIdWTAYIAW pue
_ apTx01pAy Odranoraw[Ay3aw jo S3IUITOITIII0 uotitraed 1aiem/Toueddo aylL I 314

[DEN JO uOljeJIUB2UO0D JBJON

L 9° g’ v g’ <’ L 0
| I L 1 1 1 1

-0
o)

_p° -
o)
-

. g° =
1]
>

-8 =
3

-1 3
=

~-¢°L .ﬂlv.
w

Al o

— o

~9°1 ©
/]

-8

4




» [

‘wdd g1 3e sem

apyxoapAy sranaiawlAy3lsw ayl “TIeN W.E00°0 ©3 0000°0 33uex A3Turies ayl ui
apTxoapAy dyandiauwlAyjau jo S]Ua}2F3I3J200 uotifaied 193eM/TOUBID0 YL T *814

IDEN }O uoljejjuadsuod Je|o\

y0° GE0° €0° S2O0° 20 SIO° 10" S00° 0
1

1 i | 1 1 1 1 1
-0
- 1°
A
-2° o
-3
,l”o l°’
S
[
=]
]m- -
3
1)
_g* pe
[ o
-,
-2 (¢
/)]
g8
i )
1]
L 6" »
- |
1’1




‘wddgy e sem IprIOTYD
sTandiswyAy3zaw ayl *[JeN WSH00°0 Jo AITurfes paxyj e 3e Q] 031 7 jo 33uex gd aya
uy 9pTiOoTYD OTandIawAylaw Jjo SIuIFITII00 uoririaed iazem/fouelido syl ‘¢ 314

Hd
48 ol 6 8 L 9 S 1’4 € c I
1 1 1 1 1 i 1 1 A 0
.IN-
. M‘
—~P o
<
(o]
-Q° -t
=
. et
. g ad
<
NU-
J
0
c
¢’ )
o
wn
-v°l o
o
Qo
-9°1 @
(/7]
-8°1
c




DISTRIBUTION LIST
No. of Copies

4 Commander
U.S. Army Medical Research and Development Command
ATTN: SGRD-RMI-S
Fort Detrick
Frederick, MD 21702-5012

2 Commander
U.S. Army Biomedical Research and Development Laboratory
ATTN: SGRD-UBZ-IL
Fort Detrick
Frederick, MD 21702-5010

1 Commander
U.S. Army Biomedical Research and Development
ATTN: SGRD-UBZ-P
Fort Detrick
Frederick, MD 21702-5010

2 Defense Technical Information Center
ATTN: DTIC-FDAC
Cameron Station
Alexandria, VA 22304-6145

1 Commandant
Academy of Health Sciences, U.S. Army
ATTN: HSHA-DCD
Fort Sam Houston, TX 78234-6100

1 Chief
U.S. Army Environmental Hygiene Agency
Regional Division, West
Fitzsimmons Army Medical Center
Aurora, CO 80045-5000

1 Chief
U.S. Army Environmental Hygiene Agency
Regional Division, North
Fort George G. Meade, MD 20755-5000

1 Chief
U.S. Army Environmental Hygiene Agency
Regional Division, South
Building 180
Fort McPherson, GA 30330-5000

1 Commander
U.S. Army Health Services Command
ATTN: HSPA-P
Fort Sam Houston, TX 78234-6100




Commandant

Academy of Health Sciences, U.S. Army
ATIN: Chief, Environmental Quality Branch
Preventive Medicine Division (HSHA-IPM)
Fort Sam Houston, TX 78234-5000

U.S. Army Engineers
Division, Huntsville

106 Wynn Drive

Huntsville, AL 35807-4301

Chief

Army Environmental Office
ATTN: ENVR-EP

The Pentagon

Room 1E669

Washington, DC 20310-2600

Commander

U.S. Naval Facilities Engineering Command
Environmental Quality Division

200 Stovall Street

Alexandria, VA 22332-2300

Headquarters

Air Force Engineering Service Center
ATTN: RDV

Tyndall Air Force Base, FL 32403-6001]

Commander

U.S. Army Materiel Command
ATTN: AMSCG

5001 Eisenhower Avenue
Alexandria, VA 22333-2300

Commander

U.S. Army Environmental Hygiene Agency
ATTN: HSDH-AD-L

Aberdeen Proving Ground, MD 21010-5000

Dean

School of Medicine

Uniformed Services University of the Health Sciences
4301 Jones Bridge Road

Bethesda, MD 20014-5000

Commander

U.S. Army Materiel Command
ATTN: AMCEN-A

5001 Eisenhower Avenue
Alexandria, VA 22333-2300

10




HQDA (DASG-PSP-E)
5111 Leesburg Pike
Falls Church, VA 22041-3258

HQDA (DAEN-RDM)
20 Massachusetts Avenue, NW
Washington, DC 20314-5000

Commander

U.S. Army Toxic and Hazardous Materials Agency
ATTN: CETH-TE-D (Mr. Bartell)

Aberdeen Proving Ground, MD 21010-5401

11




